Classifying sensory experiences as either novel or familiar represents a fundamental challenge to neural processing. In this issue of Cell, Hattori et al. describe a circuit mechanism by which a novel stimulus that initially interests a fruit fly turns into a familiar one.
In Aesop's Fables, interactions between a lowly fox and a kingly lion begin with appropriate fear and deference but recede toward casual indifference through repeated encounters. How does the brain categorize a sensory stimulus as familiar or novel, and how does the latter become the former through experience? In this issue of Cell, Hattori et al. (2017) describe a circuit mechanism by which a novel stimulus that initially interests a fruit fly turns into a familiar one that elicits only indifference.
The sensory world is an ever-changing mix of signals that, if properly interpreted, can reward particular behaviors. Animals can form associative memories that link specific sensory inputs with salient events through the simultaneous activation of sensory neurons and facilitating modulatory input. In both mammals and fruit flies, salience is signaled by the release of dopamine, changing synaptic strength so as to couple either attractive or aversive behavioral responses to the coincident stimulus (Bromberg-Martin et al., 2010; Quinn et al., 1974; Waddell, 2010) . At the same time, the absence of a salient, memory-forming event does not preclude an animal from responding differently to novel versus familiar stimuli. For example, the Aplysia gill withdrawal reflex will adapt to repeated mechanical stimulation by suppressing initially strong responses (Pinsker et al., 1970) . While both of these mechanisms can alter an animal's behavioral response to familiar stimuli, another reasonable strategy would be to evaluate the novelty of every stimulus, even in the absence of a strongly salient event, so as to be alerted to potentially useful new information. Intriguingly, in mammals, subsets of dopaminergic neurons fire bursts in the presence of a new or startling stimulus, but not a familiar one (BrombergMartin et al., 2010; Schultz et al., 1993) . However, direct evidence for circuit modulation during the transition from novel to familiar has not previously been observed. Using a combination of behavior, genetic manipulations, and calcium imaging, Hattori et al. (2017) discover not only a dopaminergic neuron that responds strongly to novel stimuli, but also the circuit mechanism by which this neuron suppresses responses to familiar odors in the fruit fly.
The Drosophila olfactory system has long provided insights into the logic of both sensory processing and memory. Odors activate a subset of olfactory sensory neurons, each of which synapse upon specific projection neurons. These, in turn, make synaptic connections in a pair of brain structures called the mushroom bodies, where each projection neuron makes synaptic connections with a different subset of Kenyon cells, creating a neural substrate for learning (Figure 1) (Caron et al., 2013; Turner et al., 2008) . Different subsets of dopaminergic neurons innervating the mushroom bodies respond to negative and positive stimuli, such as an electric shock or a sugar reward, and relay these signals to segregated compartments in the mushroom body (Aso et al., 2014) . These signals shape downstream neurons in an olfactory learning paradigm by the concurrent activation of Kenyon cells to odor, a conditioned stimulus (CS), and dopaminergic neurons to the reward or punishment, defining the unconditioned stimulus (US) (Waddell, 2010) . As a result, synaptic output from the mushroom body can be modified by the experience of the animal to alter behavioral responses to the same cue.
What about the transition from novel to familiarity? Hattori et al. (2017) identify a specific dopaminergic neuron that is activated by odors, even in the absence of an explicit reward or punishment. This surprising observation means that novel odors are essentially both the CS and the US in a new form of learning. As a result, any new odor will activate a pattern of Kenyon cells, as well as this novelty-sensing dopaminergic neuron, suppressing output only from this subset of Kenyon cells and leaving other odors unaffected (Figure 1) . Interestingly, this transition occurs in a single mushroom body compartment, demonstrating the capacity for the mushroom bodies to process identical inputs in different ways depending on the situation. For example, one could imagine how the same odor could be processed in the context of pain to promote aversion, reward to promote attraction, or repetition to promote indifference.
This work reveals a powerful but simple circuit logic for the dopaminergic suppression of repeated stimulus exposure, allowing an initially novel and startling sensory response to fade into the background. However, fundamental questions remain. For example, are pheromones, innate signals that indicate the presence of conspecifics, also subject to familiarization? Does the internal state of the animal alter the transition to familiarity, as one imagines it might if a familiar cue suddenly increased in salience? How are signals from different mushroom body compartments compared so as to determine which learned relationships take precedence in determining the behavioral response? While much work remains to understand how this circuit functions, the work of Hattori and colleagues opens a number of important new avenues of investigation. Two different odors excite distinct subsets of olfactory sensory neurons (with different colors representing distinct classes). These neurons synapse onto specific projection neurons in the antennal lobe. Projection neurons synapse onto a stochastic subset of Kenyon cells in the mushroom body, thus producing a unique pattern of activity for each odor. One dopaminergic neuron innervates the a 0 3 compartment of the mushroom bodies and responds to novel odors (PPL a 0 3). Coactivation of this dopaminergic neuron with Kenyon cells in this compartment results in reduced output from the mushroom bodies after repeated exposure to the same odor without affecting the naive response to a different one. In this example, odor 1 is repeatedly presented to the fly, reducing the output from the a 0 3 compartment, while a single presentation of odor 2 is unaffected.
